Specific DNA recognition by EcoRV restriction endonuclease induced by calcium ions.
In the presence of Mg2+, the EcoRV restriction endonuclease cleaves DNA specifically at its recognition sequence, but in the absence of divalent metal ions, it binds DNA without any specificity: gel-shift experiments had revealed multiple EcoRV-DNA complexes, due to the binding of one, two, three, or more molecules of protein per molecule of DNA, with the same equilibrium constant for each association. In this study, the binding of EcoRV to DNA was measured by gel shift in the presence of Ca2+, an ion that perturbs the Mg(2+)-dependent activity of EcoRV but that fails to support DNA cleavage. With Ca2+, and at a lower concentration of EcoRV protein than that required for binding in the absence of divalent metal ions, a single complex was observed with DNA containing the EcoRV recognition site. This complex was not formed with DNA that had been methylated at the EcoRV site nor with an isogenic DNA lacking the EcoRV recognition site. The single complex thus is due to the specific binding of EcoRV to its recognition site on the DNA. From gel shifts with a permuted set of DNA fragments, the degree of DNA bending by EcoRV at its recognition site was estimated to be 53 degrees +/- 4 degrees. This angle is similar to that seen in the crystal structure of the cognate DNA-protein complex. Calcium ions thus appear to mimic the role of Mg2+ in generating a specific protein-metal-DNA complex, but in contrast to Mg2+, Ca2+ gives a stable ternary complex in which the DNA-bound nuclease cannot cleave the DNA.